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We Pbecision Developments Com- 
pany Limited, a British Company of 3, 
St. James's Square, London, S.W.I, 
Gteoege Olah, a Hungarian citizen, of 
23, OaJclandSj Argyle Boad, London, 
and Laszlo Bossz, a Hungarian citizen, 
of 16, Lichfield Eoad, Kew Gardens, 
London, do hereby declare the nature of 
this invention to be as follows: — 

This invention relates to multi-cylinder 
punips, and more particularly to "multi- 
cylinder pumps with radially arranged 
cylinders rotating about a stationary 
valve member which during the rotation 
15 of the cylinder block alternately connects 
the cylinders with the suction and the 
delivery side of the hydraulic system. 

Pumps of this kind in which cylin- 
drical pistons are operated by inter- 
20 mediate guiding members from an eccen- 
tric, stationary, or rotating, track rings, 
are well known in the art. 

The disadvantage of these known 
arrangements is that the guiding mem- 
25 bers, especially in high pressure pumps 
are subjected to a very* considerable mech- 
anical strain and wear and are expensive 
to manufacture. 

Furthermore, pumps of this kind in 
30 which cylindrical pistons operate directly 
without intermediate guiding members 
on eccentric track rings, are well known 
in the art, the disadvantage of these 
arrangements being that the piston ends 
35 contacting the track rings are subjected 
to a sliding motion under full load, which 
causes considerable wear of the piston 
ends. Furthermore, the side pressures 
created by the friction due to the sliding 
motion, have the tendency to wear out 
the cylinders. 

The object of this invention is to pro- 
vide simple means of avoiding these dis- 
advantages. 

According to this invention the operat- 
ing elements in the cylinders are in the 
form of balls contacting an eccentric 
tracJc ring without any intermediate 
members. With this arrangement the 
50 balls roll on the track rin^ and thus a 
sliding motion under full load, between 
the track ring and the balls, is avoided. 
The^remainingsliding motion between 
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the ball and cylinder occurs at loads 
which are only a small fraction of the 55 
hydraulical load imposed on the balls. 
The track ring, on which the balls roll, 
may be either stationary or, preferably, 
in the case of high speed pumps, rotat- 
ing on roller, ball, or plain bearings. 60 

In one modification of this invention, 
the rotary track ring is arranged to 
rotate freely, driven by the friction 
between balls and track ring. In a 
further modification of this invention, 65 
the rotary track ring is driven by appro- 
priate means at the same speed, or 
approximately the same speed as the 
iotary cylinder block. The driving 
means may consist of couplings, for 70 
instance of the Oldham type, or of gears. 
The arrangement comprising a freely 
iotating or driven track ring, has the 
advantage that the relative sliding 
between the balls and cylinders is reduced 75 
to a minimum value, thus, in conjunc- 
tion with the small loads on the sliding 
surfaces, keeping wear at a minimum. 

In one form of this invention, the 
cylinder block may consist of a single 80 
member, provided with a number of 
cylinder holes. 

In a further form, the cylinder block 
may consist of a main body in which for 
each cylinder, individual cylinder sleeves 86 
are inserted. The main body may be 
arranged to run directly on the internal 
valve member, or alternatively, an inter- 
mediate bush may be inserted. 

The rotary cylinder block may be con- 90 
nected by any land of coupling, to the 
driving shaft. However, it is preferable 
to use an Oldham type of coupling 
between the rotary cylinder block and the 
driving shaft, and to derive the rotary 95 
motion of the eccentric track ring by an 
Oldham type of coupling from the 
driving shaft as well. 

In the type of pump proposed in this 
invention, the bails are tent in contact 100 
during the suction period with the track 
ring, mainly by centrifugal force, but a 
centrifugal rotor may be fixed on the 
driving shaft and provide the cylinders, 
during the suction period with low pres- 105 
sure fluid, this low pressure increasing 
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the effect of the centrifugal force in press- 
ing the balls against the track ring, -thus 
enforcing a perfect contact under any 
conditions. The surplus of the pump 
£1 fluid from the low pressure stage may be 
returned by a valve, or restriction, to the 
inlet. 

The pressure oil between the valve 
member and the cylinder block normally 

10 acts to force the cylinder block from the 
low pressure side towards the high pres- 
sure side. In order to counteract this 
action the port holes in the cylinder 
block are made smaller in diameter than 

15 the cylinder holes so that the hydraulic 
pressure in the chamber between the 
balls and the port holes in the block acts 
on the annular surfaces formed by the 
difference in diameter and provides an 

20 opposing pressure partly or wholly 
balancing that acting on the cylinder 
block. 

In order to obtain anv desired degree 
of balance, spaced grooves may be pro- 
25 vided extending over the high pressure 



side only of the valve member which 
grooves are connected at their ends to the 
low px v essure side of the valve member, 
these grooves limiting the pressure area 
which opposes the pressure on the annular 30 
surfaces. 

The high pressure port on the valve 
member may have the shape of a com- 
paratively narrow slot. Should one of 
the balls become jammed in the cylinders 35 
during the suction period, due to dirt 
passing in with the pressure fluid, the 
narrow slot shaped port on the valve 
member would restrict the flow of high 
pressure fluid to the cylinder during the 40 
compression period, and thus prevent the 
jammed ball from being thrown by the 
force of ths high pressure, with too high 
a speed, against its track. 

Dated this 19th dav of April, 1944. 
CBUIKSHANK & * FAIR. WEATHER, 
29, Southampton Buildings. 
Chancerv Lane, London, and 
29, St. Vincent Place. Glasgow, 
Agents for the Applicants. 
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45 We, Precision Developments Com- 
pany, Limited, of 3, St. James's Square, 
London, S.W.I, a British company, 
George Olah, of 23, Oakland, Argyle 
Road, London, W.13, and Laszlo Rossz, 

50 of Lichfield Road, Kew Gardens, Surrey, 
both of Hungarian Nationality, do here- 
by declare the nature of this invention to 
be os follows: — 

This invention relates to multi-cylin- 

55 der piston-type pumps of the kind in 
which balls serve as pistons, and in which 
the cylinders containing the balls are 
rotated relatively to a fixed eccentric 
track ring or swash plate, the eccen- 

60 tricity. of the track ring or the inclination 
of the swash plate causing the balls to 
perform an oscillatory pumping motion. 
Pumps of this kind are described in our 
co-pending application, No. 7260/44. 

65 It will be evident that in pumps of this 
kind the ball-shaped pistons during oper- 
ation will roll on the track Ting or on the 
swash plate and glide on the cylinder 
walls. 

70 The present invention has for one of its 
objects to reduce the gliding speed of the 
ball pistons, and consequently the wear 
of the cylinders. 
According to this invention, between 

75 the track ring or swash plate and the 
pistons of a multi-cylinder pump of the 
type hereinabove described, an inter- 



mediate concentric ring is interposed 
which rotates relative to "the track Ting or 
swash plate with substantially the same 80 
speed as the cylinders carrying the ball 
pistons. This intermediate ring member 
may be supported on the track ring or the 
swash plate by anti-friction bearings. It 
may be arranged to be driven by the fric- 85 
tion of the main pistons, but in general 
it is preferred to connect the intermediate 
ring member to the cylinder block, or to 
the shaft by which th* cylinder block is 
rotated, by mechanical connecting means, 90 
such as gears, a dog clutch, or prefer- 
ably an Oldham-type clutch, that is to 
■ s;J Vi by means which allow an o«ei)hit:>rv 
motion between the member and the block 
while not allowing any substantial 95 
amount of differential rotation. 

In order to reduce friction still further 
in a pump according to the invention in 
which tiie ball pistons of radially dis- 
posed cylinders co-operate with a' track 100 
ring disposed eccentrically to the axis 
about which the cylinders rotate, the 
intermediate ring member, according to a 
f urtlier feature of the invention, is pro- 
vided with flat operative inner surfaces 105 
opposite and at right angles to the axis of 
each of the cylinders in which the ball- 
shaped pistons operate. 

It will be readily understood that the 
present invention will reduce the rolling HQ 
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and the gliding 1 of the hall-shaped pistons 
to very small values, and will thus 
enhance the advantages inherent in ball- 
shaped pistons, more particularly when 

5 cylinders are used which have exchange- 
able sleeves inserted into the cylinder 
block with a non-interference fit, such as 
the liners or sleeves described in our 
co-pending application, No. 2817/44 

10 (Serial No. 574,991). In addition to the 
elimination of any necessity of accurate 
alignment, lateral pressure, which might 
tend to loosen the liners in the cylinder 
block, is very largely avoided by the 

15 present invention. 

Owing to this elimination of lateral 
pressure, it is possible to maintain a very 
accurate fit of the piston in the cylinder 
sleeves for a long time of operation. 

20 So as to prevent the accuracy of the fit 
from being affected by expansion of the 
sleeves due j;o the pressure of the liquid in 
the cylinder, it is preferred to arrange 
for the sealing of the sleeve in the cylin- 

26 der block to be effected near the outer end 
of the cylinder, thus allowing the 
internal pressure to act simultaneously on 
the inner and outer surfaces of the sleeve. 
In a pump according to the invention 

30 in which the track ring is provided with 
flat inner working surfaces at right angles 
to the cylinder axis, most of the driving 
power will be found to be required by the 



rotating track ring, this being due to the 
substantial elimination of any tangential 35 
component of the pressure exerted by the 
track ring upon the pistons in the cylin- 
der block. When the driving power is 
imparted to the track ring by means of an 
Oldham or similar coupling of customary 40 
design from a shaft that is substantially 
co-axial with the axis about which the 
cylinder block rotates, this will result in 
substantial friction losses and wear in the 
coupling. 45 

With a view to overcoming these diffi- 
culties, according to one feature of the 
present invention rollers, balls, or similar 
anti-friction members are interposed 
between the arms of the Oldham coupling 50 
and the driving and driven members 
thereof, while according to another 
feature of the present invention the driv- 
ing shaft is arranged to have its axis at a 
point substantially between the axis of 55 
the cylinder block and the axis of the 
rotating track ring, with which latter it 
may actually coincide. It will be evi- 
dent that in this way, a more efficient 
drive of the track ring is ensured. 60 

Dated this 19th day of April, 1945. 
CEUIKSHANK & FAIRWEATHEIl, 
29. Southampton Buildings, 
Chancery Lane, London, and 
29, St. Vincent Place. Glasgow. 
Agents for the Applicants. 
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We, Precision Developments Com- 
pany Limited, a British Company of 8, 
St. James's Square, London, S.W.I, 
George Olah; of 23, Oaklands, Argyle 

66 Road, London, W.13, and Laszlo Rossz, 
of 16, Lichfield Road, Kew Gardens, 
Surrey, both of Hungarian Nationality, 
do hereby declare the nature of this 
invention and in what manner the same 

70 is to be performed, to be particularly 
described and ascertained in and by the 
following statement: — 

This invention relates to multi-cylinder 
pumps of the type comprising a rotary 

75 cylinder block in which the pistons are 
arranged to be actuated by a track ring 
which is rotatabiy mounted in the pump 
casing, for example on a swash plate or 
in an outer track ring eccentrically sur- 

80 rounding a block of radial cylinders. The 
invention has for its principal object to 
provide improved pumps of this type 
which are relatively inexpensive to 
manufacture and which are efficient in 

85 use and capable of standing long service. 
A pump according to the present 



invention is characterised by the combin- 
ation, in a pump of this kind, of balls 
acting as pistons and the provision of 
meant} for positively driving both the 90 
rotatabie track ring and the cylinder 
block In order to ensure uniform wear 
of the ball-shaped pistons, the arrange- 
ment may be such as to drive the track 
ring and the cylinder block for rotation 95 
at slightly differing speeds. On the 
other hand, especially when used in con- 
nection with some other features of our 
invention, we prefer arrangements in 
which the track ring and the cylinder 100 
block are driven in angular corre- 
spondence with each other, and which 
thus ensure minimum wear of the bail- 
shaped pistons. One or more couplings 
of the Oldham type may be employed for 105 
this purpose, and anti-friction means may 
be incorporated in the Oldham-type 
coupling for increasing efficiency and 
reducing wear. According to another 
bptional feature of the invention, the 110 
ball-shaped pistons in a pump according 
to the invention with radially disposed 
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cylinders are arranged to be respectively 
actuated by substantially flat inner work- 
ing surfaces arranged in the rotatable 
track ring- opposite and at right angles to 
5 the individual cylinders, the track ring 
and cylinder block being in this case 
essentially driven in angular corre- 
spondence. 
This will further reduce lateral pres- 

10 sure of the pistons in the cylinders, which 
in the case of ball pistons is generally 
less than with other types of pistons, and 
therefore will greatly facilitate the use in 
the cylinder block of replaceable cylinder 

15 sleeves such as described in our co-pend- 
ing application 3So. 2817/44 (Serial No. 
574,991), these sleeves being preferably 
inserted in the cylinder block with a non- 
interference fit. 

20 The absence of lateral pressure will also 
obviously reduce wear of the cylinder 
sleeve, and will therefore allow a very 
small initial clearance between the ball- 
shaped piston and the cylinder sleeve to 

25 be maintained for a long time of opera- 
tion, thus ensuring a high volumetric 
efficiency of the pump. 

Because the sleeves are relatively; thin 
walled, and in the case of a non-inter- 

80 ference fit are not strengthened against 
expansion by the cylinder block itself, 
this volumetric efficiency might be 
impaired by expansion of the sleeve under 
the internal fluid pressure during opera- 

35 tion. 

According^ to a further feature of the 
present invention, this ^ expansion is 
greatly reduced if the sealing between the 
sleeve and the cylinder block is arranged 

40 to take place near the outer end of the 
cylinder, thus allowing fluid under pres- 
sure to reach the outer as well as the inner 
surfaces of the sleeves. 

It is preferred to drive both the cylin- 

45 der block and the track ring from a com- 
mon driving shaft, and according to one 
form ot the invention at least one 
Old ham-type coupling is provided 
between two of the following elements, 

50 viz: the driving shaft, the cylinder 
block, and the track ring. 

In the form of the present invention in 
which flat surfaces are arranged in the 
track opposite to each cylinder, a sub- 

55 stantial torque is required to rotate the 
track ring. ^Vhen the driving shaft is 
arranged co-axially with the rotating 
cylinder block, the "Oldham-type coupling 
between the track ring of this kind and 

60 the driving- shaft is therefore subjected to 
substantial gliding under load. The f ric- 
tional loss and wear due to this feature 
will be substantially reduced according to 
the present invention by providing anti- 

65 friction elements, such as rollers, between 



the floating element and the driving and 
driven elements of the Oldham coupling, 
and improvement may also be obtained by 
arranging the driving shaft substantially 
between the axis of the rotating cylinder 70 
block and the extreme eccentric position 
of the track ring, with which latter it 
may even coincide. 

Since, except for the effects of friction, 
only radial forces are transmitted to the 75 
cylinder block when a track ring having 
flat actuating surfaces is provided accord- 
ing to the invention, a positive drive for 
the cylinder block may be altogether 
omitted. 80 

In order that the present invention may 
be more clearly understood, we will now 
describe it by way of example with 
reference to the accompanying drawings, 
in which : 85 

"Fig. 1 is a pump according to the 
present invention, partly in axial section. 

Fig. 2 is an elevation substantially 
corresponding- to a section on line 2 — 2 of 
Fig. 1, showing a slightly modified pump, 90 

Fig. 3 shows a cylinder sleeve to a 
larger scale, and 

Fig. 4 is a diagrammatic section 
through a modified Oldham - type 
coupling according to the present inven- 95 
tion. 

Eeferring now more particularly to 
Figs. 1 and 2, 1 illustrates the driving 
shaft of a pump according to the present 
invention. 2 is the cylinder block, which 100 
is rotatably mounted on the stationary 
valve element 3, and is arranged to be 
driven for rotation by the shaft 1 through 
an Oldham-type coupling 4. The cylinder 
block 2 is provided with a number of 106 
radial cylinders 5. each having in it a 
ball-shaped element 6 serving as piston. 
During rotation of the shaft 1, the pistons 

are in contact with the track ring 7, 
which is itself rotatably mounted in a 110 
stationary track ring S. Anti-friction 
means, such as bail bearings 9, or roller 
bearings 10, (Fig. 2) are preferably pro- 
vided between the track rings 7 and 8, 
and tlie outer track rim? 8 "is pivotaliy 115 
mounted on a pin 12 in the pump casing 
11. A hydraulic cylinder 13, working 
against the resetting action of a spring 
14, is provided to control the eccentricity 
of the track rings 7 and 8 from zero to a. 120 
maximum value. It will be noted that 
Fig. 2 shows the pump in its position of 
maximum eccentricity. 

The cylinder walls, in the examples 
shown, are formed by the bores of sleeves 125 
15 which are inserted with a non-inter- 
ference fit in the cylinder block 2. As 
will be seen more clearly in Fig. 3. the 
sleeves may, for example, be secured in 
the cylinder block by means of a screw 130 



678,390 6 



thread 16 of a one-sided saw-tooth type tion. More particularly, although a 
the active flank of which is perpendicular pump with radially disposed cylinders 
to the cylinder axis. When a sleeve as and a track ring of adjustable eccentricity 
shown in Fig, 3 is screwed home in the has been illustrated and described, it will 
6 cylinder block and tightened, the pres.sure be obvious that the principal features of TO 
acting on the active surface of the screw the present invention may also be used in 
thread will therefore have no component other types of multi-cylinder pumps with 
in a radial direction of the cylinder, thus rotating cylinder blocks, such as, for 
avoiding any possibility of affecting the example, awash-plate pumps. 
10 diameter of the bore. The sleeves can When it is desired to drive the track 76 
therefore be machined accurately and ring 7 and the cylinder block 2 at 
finished before they are inserted into the different speeds, the driving- part of 
cylinder block. Owing to the non-inter- coupling* 4 may be arranged on a shaft 
ference fit, a certain amount of clearance rptatably mounted in an outer shaft, on 
16 will be left on the inclined flank of the which latter the driving part of coupling 80 
thread, and when, as shown in Pig. 3, the 18 is mounted, while two gear wheels of 
sleeve is arranged to be sealed in the slightly different effective diameters may 
cylinder block at the surface 17 near its be respectively secured on the other end 
outer end, fluid under pressure from of these shafts and engage with suitable 
20 inside the cylinder will be able to pene- pinions on the driving shaft 1, which in 85 
trate along the inclined flank of the this case would be disposed at a suitable 
thread, so that substantially the same distance from the common axis of the 
pressure is acting on both sides of the two first-mentioned shafts. Various other 
wall of each sleeve 15, thus preventing possibilities of effecting a drive at 
25 expansion of the thin-walled sleeves slightly different speeds for the cylinder 90 
under action of .the internal fluid block and the track ring will be readily 
pressure. available to those- skilled in the art. 

The rotatabla track ring 7 is driven Finally it may be mentioned that the 
from tbe driving shaft 1 by a separate arrangement of stationary and rotating 
80 Oldham-type coupling 18. In the form parts as described may be reversed within 96 
of the invention as shown in Eig. 2, the the scope of the present invention, 
rotatable track ring 7 is provided opposite Having now particularly described and 
each cylinder and at right angles to its ascertained the nature of our said inven- ' 
axis with a flat surface 19. This excludes tion and in what manner the same is to 
36 any possibility of substantial lateral pres- be performed, we declare that what we 100 
sure on the cylinder walls, but owing to claim is: — 

the eccentricity of the track ring 7 rela- 1. In a multi-cylinder pump of the 
tive to the driving shaft 1, a substantial type specified, the combination of balls 
torque will be required to rotate track acting as pistons with the provision of 

40 ring 7, while the torque necessary for means for positively driving both the 105 
rotating the cylinder block 2 will be rela- rotary track ring and the cylinder block, 
tively small. In order to reduce the 2. A pump as claimed in Claim 1, corn- 
amount of friction and wear in the Old- prising arrangements for driving the 
ham-type coupling 18 under varied eccen- track ring and the cylinder block for 

45 tricity of the track rings 7 and 8, an rotation at slightly differing speeds. HO 
improved anti-friction type of coupling 8. A pump as claimed in Claim 1, in 
between the driving shaft 1, and the which the track ring and the cylinder 
Totary track ring 7, is preferably used block are arranged to be driven in 
such, for example, as shown in Fig. 4. angular correspondence. 

60 Part 29 of this improved Oldham-type 4. A pump as claimed in Claim 1. in 115 
coupling is fixed on the driving shaft, which at least one coupling of the Old- 
while part 20 is fixed on the rotating ham-type is provided between two of the 
track ring 7, part 21 being the floating following elements, viz: the driving 
element of the Oldham-type coupling, shaft, the cylinder block, and the track 

66 Anti-friction means, such as rollers 22 ring. 120 
and 23, are interposed between the float- 5. A pump as claimed in any of the 
ing element 21 on the one hand, and the preceding claims, in which the ball- 
driving and driven elements 29 and 20 on shaped pistons are arranged to operate in 
the other hand. If desired, coupling 4 cylinder sleeves which are inserted 4 pre- 

60 may be similarly constructed. f erably with a non-interference fit, in the 125 

It will be obvious that the invention is cylinder block, 
not limited to the particular features of 6. A pump as claimed in Claim 6. in 
the illustrated examples, various features which the sleeves are arranged to be 
of which may be altered without depart- sealed in the cylinder block near their 

65 ing from the scope of the present inveu- outer ends, for the purpose specified, 130 
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7. A pump with radially disposed 
cylinders as claimed in any one of Claims 
1 and 3 to G in which the ball-shaped 
pistons are arranged to be respectively 

5 actuated by substantially fiat inner work- 
ing surfaces arranged in the rotatable 
track ring opposite and at right angles to 
their cylinders. 

8. A pump with radially disposed 
10 cylinders, as claimed in any of the pre- 

ceding claims, in which the axis of the 
driving shaft is disposed substantially 
between the axis about which the cylinder 
block rotates, and the extreme eccentric 
15 position of the axis of the rotating track 
ring, for the purpose specified. 

0. A pump as claimed jn any of Claims 
4 to 8, in which anti-friction elements 



such as balls or rollers are interposed 
between the floating element and the 20 
driving, and / or the driven member of the 
OldJiam-type coupling. 

10. A pump as claimed in Claim 9, in 
which two anti-friction Oldham-type 
couplings are arranged to connect the 25 
driving shaft respectively to the cylinder 
block and to the rotating track ring. 

11. A multi-cylinder pump of the type 
specified, substantially as described with 
reference to the accompanying drawings. 30 

Dated this loth day of "Mav, 1945. 
CRUIESHANK & FAIRWEATHEK, 
29, Southampton Buildings, 
Chancery Lane, London, W.C.2, and 
29, St. Vincent Place. Glasgow. 
Agents for the Applicants. 



Leamington Spa: Printed for His Majesty's Stationery Office, by the Courier Press.— 1946. Published at 
The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies, 
price Is. Od. each (inland) Is. Id. (abroad) may be obtained. 



, 578 i 392 COMPLETE SPECIFICATION 



FIG. 4 




J2 u 

T \ 2 



FIG. I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IM4GES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

EC LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



